The aim of this study was to assess the effect of low level laser therapy (LLLT) on bone turnover markers in ovariectomized rats. Thirty adult female albino rats were used in this study and divided into three groups: Group (1); 10 sham-operated rats served as controls group (2); 10 bilateral ovariectomized rats (OVX), and group (3); 10 OVX rats exposed to LLLT. LLLT was applied on the neck and shaft of femur, 5 times/week for 8 weeks. The dose applied on each point was 1000 Hertz, 5 Watts for 30 seconds with a total dose of 15 mJoule/cm 2 .At the end of the experiment, blood samples were collected and sera were separated for determination of serum calcium (Ca), inorganic phosphorus (Pi), osteocalcin and alkaline phosphatase (ALP). In addition, a 24 hour urine sample was also collected from each rat for the determination of urinary calcium, phosphorous, and deoxypyridinoline(DPD)/creatinine. Results showed significant increase in serum Ca, Pi, ALP, osteocalcin, and significant decrease in U-DPD/creatinine in LLLT exposed group as compared to the other two groups. Bone morphological results revealed increase in calcium deposition and alkaline phosphatase of femoral bones of LLLT exposed group in comparison to sham-operated and OVX rats. Using software image analysis showed increased osteoblast numbers, decreased osteoclast numbers and increased compact bone thickness in LLLT exposed group. Significant positive correlations were obtained between osteoblast numbers and serum Ca, Pi, ALP, and osteocalcin in LLLT exposed group, while a significant negative correlation was noticed with U-DPD. In conclusion, the use of LLLT was found to be effective in enhancing bone formation, decreasing bone resorption in the osteoporotic OVX rats. Further studies are necessary to investigate the effect of different parameters of LLLT as wave length, duration, and also numbers of sessions. The potential use of LLLT in postmenopausal women with osteoporosis is needed to be verified.
INTRODUCTION
Osteoporosis is a generalized metabolic disease characterized by progressive loss of bone mass and microarchitectural deterioration of bone tissue, leading to bone fragility and increasing the risk of fracture. (1) Osteoporosis affects about 30% of post menopausal women. It leads to an initial 
Bone turnover is characterized by two tightly coupled activities, the degradation of old bone by osteoclasts followed by the formation of new bone by osteoblasts. The rate of resorption and formation of bone matrix can be assessed by measuring bone matrix components released into the circulation during remodeling, i.e., the biochemical markers of bone turnover. (12) Biochemical markers that reflect remodeling or turnover of bone can be measured in urine or blood including formation and resorption markers. (13) Resorption markers include products of bone matrix degradation like hydroxyproline and telopeptides. Bone formation markers include alkaline phosphatase enzyme and products of bone matrix synthesis as osteocalcin. (14, 15) The purpose of our study was to investigate the possible role of LLLT on bone turnover markers in ovariectomized rats with osteoporosis.
METHODS
Thirty female albino rats aged 3-6 months and weighing 150-250 gm were used in this study. They were fed rat chow and water adlibitum and were Six weeks after recovery. The OVX rats were divided into two groups; OVX, n = 10 (group II) and OVX exposed to LLLT, n = 10 (group III).
OVX was performed via abdominal incisions, under ketamine anesthesia.
The uterine tubes were ligated and after removal of the ovaries, the incisions were closed. (16) Sham-operated rats were submitted to a skin incision and sutures.
After the surgery, all animals were conditioned for six weeks in cages with 5 animals/cage.
Laser exposure
Laser exposure started six weeks after surgery, and was performed 5 times a week for 8 weeks. After shaving, the irradiation points (neck and shaft) were localized. Each femur was exposed to infra-red pulsated low level laser therapy in the two points. Each point is exposed to LLLT of 1000 Hertz, 5
watts for 30 seconds with a total dose 15 m joule/cm 2 . (17) At the end of the experiment, each rat was isolated in a separate metabolic cage for collecting the 24 h urine samples.
Then, animals were sacrificed, and blood samples were also collected, immediately centrifuged, and sera were alliquotted and stored at -70°C. Femora were dissected, cleaned from adherent materials, and were prepared for bone morphological examination.
Biochemical analysis
-Serum and urine calcium (Ca) and inorganic phosphorus (Pi) levels were estimated using commercially available kits (18, 19) . Urinary Ca and Pi were expressed as mg/mg creatinine (Cr).
-Serum alkaline phosphatase was measured using a kinetic procedure (Chemroy, biochemical trade, Inc USA. (20) -Serum osteocalcin was determined using electrochemiluminescence immune assay (ECLIA). 
Bone morphometry
The femoral bones were separated from muscles, decalcified in 0. 
Statistical analysis
Results were presented as means ± standard deviations (SD). One way analysis of variance (ANOVA) F test was done to compare changes among groups using SPSS software and P<0.05 was considered statistically significant. stained band which represents osteoid (non-mineralized matrix), (Fig. 1C) 
RESULTS

Histological results
Light
Histochemical results
The calcium demonstration on rat femoral bone illustrated a moderate positive staining in control group, (Fig. 2A) .
Whereas a reduction of calcium content was observed in OVX rats (group 2) compared to controls, (Fig. 2B) . The strongest positive staining of calcium content was observed in group 3 which is exposed to LLLT compared to other groups, (Fig. 2C) .
The alkaline phosphatase staining of rat femur showed strong reactions in the most bone marrow cells, osteocytes, and compact bone. A moderate reactions was observed in osteoclasts and osteoblasts, (Fig. 3A) . The reaction was decreased in the OVX rats group (2), the reaction was very weak in the compact bone, (Fig. 3B ). Animals exposed to LLLT (group 3) showed a moderate positive reaction mostly in the osteocytes and compact bone. A strong activity was noticed in osteoblasts and osteoclasts, (Fig. 3C ).
( However, little attention has been given to its effect on bones with osteoporsis.
Previous research found that OVX in rats leads to osteopenia and osteoporosis, with a decrease in bone mass and an increase of bone fragility. (27, 28) In this study the lack of proliferation of osteoblast cells (32) In the present work, osteoblast numbers in the laser exposed group was found to be significantly positively 
